Introduction {#Sec1}
============

Severe acute respiratory syndrome 2 (SARS-CoV-2) was first recognized in Wuhan, China, in December 2019 causing coronavirus disease 2019 (COVID-19) and has swiftly spread all over the world infecting approximately 4 billion individuals until May 10. The World Health Organization has already issued a proclamation characterizing the COVID-19 outbreak a pandemic (<https://www.who.int/emergencies/diseases/novel-coronavirus-2019>) \[[@CR1]\]. Coronaviruses (CoVs) are a large family of respiratory viruses that can cause diseases ranging from the common cold to severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS) \[[@CR2], [@CR3]\]. SARS-CoV was the cause of the former infection which first appeared in China in 2002 but ultimately was first isolated in Vietnam a few months later by the Italian doctor Carlo Urbani \[[@CR4]\]. The outbreak of SARS affected 17 countries and provoked 774 deaths out of 8096 laboratory-confirmed cases (<https://www.who.int/csr/sars/en/>). Regarding the latter infection, the responsible virus was the Middle East respiratory syndrome (MERS)-CoV that, in 2012, was first reported in Saudi Arabia \[[@CR3]\]. MERS has been found in 27 countries, mostly in the Middle East, and occasionally reappears in human population due to the ongoing contact with dromedary camels. Until November 2019, MERS has caused 858 deaths out of 2494 laboratory-confirmed cases (<https://www.who.int/emergencies/mers-cov/en/>). COVID-19 infection is regarded as a systemic disease due to the fact that aside from the respiratory system, it affects several other systems such as cardiovascular \[[@CR5]\], neurological \[[@CR6]\], haematopoietic \[[@CR7], [@CR8]\], gastrointestinal, \[[@CR9]\] and immune \[[@CR10]\]. Herein, we summarize the hematologic findings on full blood count focusing on white blood cells and platelets analysing their pathophysiology and their potential use as a tool for spotting the patients who are prone to a more severe progression of the disease or even a lethal upshot.

General Inspection of a Full Blood Count {#Sec2}
========================================

Guen et al. released a grand survey examining the clinical and laboratory characteristics of 1.099 patients infected with COVID-19. They reported that admission lymphocytopenia, thrombocytopenia and leukopenia were quite prevalent. In detail, 83.2% of the patients presented with lymphocytopenia, which was defined as a lymphocyte count of less than 1500 mm^3^ whereas 36.2% of them presented with thrombocytopenia, which was defined as a platelet count of less than 150,000 mm^3^. With regard to leukopenia (WBC less than 4000 mm^3^), it was apparent in 33.7% of the patients.

Furthermore, the incidence of these abnormalities in the blood cell count was in line with the severity of the disease. Hence, the patients, who suffered from a more severe disease, tended to have more pronounced abnormalities in comparison with those with mild disease (91.1% vs 80.4% as concerned to lymphocytopenia, 57.7% vs 31.6% as concerned to thrombocytopenia and 61.1% vs 28.1% as concerned to leukopenia respectively) \[[@CR11]\].

Neutrophil-Eosinophil Findings: Epidemiology, Pathophysiology and Prognosis {#Sec3}
===========================================================================

Wang et al. examined the kinetics of the laboratory parameters in 138 patients infected by COVID-19 during their hospitalization. Thirty-three patients came down with severe disease and 5 patients eventually died. Comparing the laboratory data derived from the patients who were admitted in ICU to those who did not, it can be clearly seen that the data differ. With regard to white blood count and neutrophil count, higher levels were observed on the first group, notably 1.5-fold and 1.7-fold higher respectively. Furthermore, it has been mentioned that the non-survivors were more frequently prone to develop leukocytosis \[[@CR12]\]. Similarly, the study published by Huang et al. advocates that leukocytosis (2.0-fold rise) and neutrophilia (4.4-fold rise) were predictors of the severity of the disease, which was confirmed by the need for admission in an ICU environment, while examining 140 patients with COVID-19 infection \[[@CR13]\]. According to a meta-analysis, the patients with severe disease presented a slight increase in their white blood cells while those who did not survive presented a significant increase. Thus, it is recommended that WCC should be examined on a regular basis on the grounds that the increase of the white blood cells in a patient with severe disease may indicate clinical deterioration and a grave outcome. The increase of neutrophils accounted for the surge of the white blood cells as the other bloodlines (lymphocytes, monocytes and eosinophils) dropped \[[@CR14]\]. The available literature advocates that neutrophilia is an expression of the cytokine storm and hyperinflammatory state which have an important pathogenetic role in COVID-19 and related infections such as SARS \[[@CR10], [@CR13], [@CR15], [@CR16]\]. Neutrophilia may also indicate a superimposed bacterial infection \[[@CR17]\].

Another potential application of data derived from the FBC would be to use formulas such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio and monocyte-to-lymphocyte ratio to act as surrogates to assess the extent of systemic inflammation. Although an extensive study is at this point lacking, Qin et al. have reported an increase in NLR in patients with severe disease compared with those without \[[@CR17]\].

To date, regarding eosinophil count, literature suggests that there is no link between low eosinophils and the severity of the disease \[[@CR18]\].

Lymphocytopenia: Epidemiology, Pathophysiology and Prognosis {#Sec4}
============================================================

Several factors might play an important role in the pathophysiology of lymphocytopenia. Firstly, it has been discovered that angiotensin-converting enzyme 2 receptors (ACE2 receptors) are likely the cell receptor of COVID-19, which was also the receptor for SARS-CoV \[[@CR19]\]. Therefore, cells which express ACE2 receptors are susceptible to COVID-19 infection. Nonetheless, there had been no evidence that lymphocytes could express those receptors which could make them vulnerable to the new virus. However, a study published by Xu et al. demonstrated that ACE2 receptors were expressed in lymphocytes in oral mucosa, lungs and digestive system \[[@CR20]\]. Hence, the direct impact of the virus on the lymphocytes, which could induce their lysis, does not seem unfounded. Moreover, COVID-19 infection causes the production of inflammatory cytokines such as IL-6, IL-2, IL-7, granulocyte-colony stimulating factor, interferon-γ-inducible protein 10, MCP-1, MIP1-a and TNF-a, recognizable as a cytokine storm, which leads to not only lymphocytes' apoptosis but also lymphoid organs' atrophy (e.g. the spleen) \[[@CR21]\].

As already mentioned above, lymphocytopenia is a strong predictor of the severity of the disease. In China, patients who ultimately required ICU environment during their hospitalization presented a more significant drop in lymphocyte count compared with those who did not \[[@CR12], [@CR13]\]. These findings are consistent with studies in Singapore \[[@CR22]\]. Moreover, lymphocytopenia was highly correlated with the severity of lung injury \[[@CR23]\]. Lymphocytopenia was also associated with survival incidence, as non-survivors presented a more considerable decrease in lymphocyte count compared with survivors \[[@CR12]\]. In a US study from Washington DC, lymphocytopenia was prominent amongst critically ill patients \[[@CR24]\].

A retrospective study by BO XU et al. examined the alteration of lymphocyte subsets in patients with COVID-19. The findings illustrate that the patients who were categorized as severely ill and critically ill including those who passed away experienced a considerable dip of T lymphocyte subset counts. Particularly, in critically ill and severely ill patients, the median counts of lymphocyte, CD3+ T cell, CD4+ T cell and CD8+ T cell were declined to almost a third and about two-thirds of median counts values respectively when they were compared with mildly ill patients. In patients who died during their hospital stay, the median lymphocyte, CD3+ T cell, CD4+ T cell, CD8+ T cell, B cell and NK-cell were observed to be lower than other critically ill patients \[[@CR25]\]. Another study concluded that there was no difference in CD4^+^/CD8^+^ ratio between healthy controls and patients with COVID-19 or between those with mild disease and those with severe disease \[[@CR26]\].

Thrombocytopenia: Epidemiology, Pathophysiology and Prognosis {#Sec5}
=============================================================

Thrombocytopenia is a well-known predictor of mortality in the ICU environment and it is used in several disease severity scores. A meta-analysis conducted by Lippi G. et al. included 9 studies with a total of 1779 COVID-19 patients examining the association between thrombocytopenia and severity of the disease. It was revealed that low platelet count was associated with a threefold enhanced risk of severe disease and with a fatal outcome. Taking a closer look, the analysis showed that platelet count was significantly lower in patients with more severe COVID-19 (WMD − 31 × 109/L; 95% CI, from − 35 to − 29 × 109/L) while the subgroup analysis of three studies, whose primary outcome was mortality, showed a more significant drop in platelets in non-survivors (WMD, − 48 × 109/L; 95% CI, − 57 to − 39 × 109/L; I2, 91%; *p* \< 0.001) \[[@CR27]\].

Several hypotheses regarding the pathophysiological mechanisms, which could lead to low platelet count in patients infected with COVID-19, have been cited. To begin with, it is speculated that COVID-19 has similar action with a frequent common cold's coronavirus, HCoV-229E. This speculation derived from the genome similarities between COVID-19 and SARS virus and SARS virus and HCoV-229E respectively. HCoV-229E binds CD13 receptors which are expressed on the surface of haematopoietic and stromal cells in the bone marrow leading to their apoptosis and consequently to haematopoiesis inhibition. In addition, the induced cytokine storm after the COVID-19 infection, which has similarities with secondary haemophagocytic lymphohistiocytosis (sHLH), may play a role in thrombocytopenia through destruction of the haematopoietic progenitor cells. In parallel with HIV infection, COVID-19 may produce autoantibodies and complexes specific to platelets' antigens resulting in their destruction by the reticuloendothelial system \[[@CR28]\]. A large number of existing studies in the broader literature have examined the platelets biogenesis in the lung circulation. Experiments in mice suggest that megakaryocytes and large cytoplasmic fragments are produced in the bone marrow, then they emigrate to the pulmonary circulation and eventually are transformed into platelets under the shear stress and the turbulence into pulmonary vasculature. Those findings can only indirectly be confirmed in humans \[[@CR29]\]. Therefore, it is speculated that lung injury caused by COVID-19 infection may limit sites with preserved endothelium that could participate in platelet production from intravascular megakaryocytes \[[@CR28]\]. Most patients with COVID-19 who have thrombocytopenia have elevated D-dimer levels and impaired coagulation time and the majority of the patients with lethal outcome fulfil the clinical criteria for disseminated intravascular coagulation (DIC) \[[@CR30]\]. Patients presenting with a virus infection may develop sepsis which is well established as a common cause of DIC. The development of DIC results when leukocytes, platelets and endothelial cells are activated to inducing dysregulation of thrombin formation that occurs both systemically and locally in the lungs of the patients with severe pneumonia. Circulation of free thrombin, uncontrolled by natural anticoagulants, can activate platelets and stimulate fibrinolysis \[[@CR31]\]. For that reason, it is conjectured that platelet consumption during microthrombus formation in DIC is one of the pathogenic mechanisms explaining the profound thrombocytopenia.

Conclusion {#Sec6}
==========

In summary, findings on full blood count could indicate the patients who suffer from severe disease and could be used as a prognostic tool by the clinicians. Leukocytosis, neutrophilia, lymphocytopenia and thrombocytopenia are prominent in patients with severe disease. These markers may play a role not only in a more efficient triage of those patients on admission but also during their hospitalization so that more vigorous therapeutic procedures should follow. Even though corticosteroids are known to cause lymphocytopenia, recently published experience suggests that the lymphocyte count promptly recovers after an initial drop with the use of corticosteroids (namely dexamethasone) in severe COVID-19 infection \[[@CR32]\]. Dexamethasone seems to benefit patients with severe COVID-19 infection, according to a recent announcement by the RECOVERY investigators (<https://www.recoverytrial.net/news/low-cost-dexamethasone-reduces-death-by-up-to-one-third-in-hospitalised-patients-with-severe-respiratory-complications-of-covid-19>).

Moreover, flow cytometry is likely to be used for the same purposes and for investigating how the immune system responds to the infection by the new virus. Finally, the pathophysiological mechanisms which lead to these abnormalities should be investigated thoroughly by the forthcoming studies as until now there is a lack of knowledge. The collected data were mostly based on Asian population since data from other nationalities are not yet available. Therefore, with the release of new publications, this information may need to be further evaluated.
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